We measured the 24-h flight activity patterns of 84 species of Nearctic Lepidoptera representing 12 ultrasound-earless and seven ultrasound-eared families to examine the evolution of the diel flight periodicities (DFPs) and auditory defences of these insects. Most species tested showed mixed DFPs (flight during day and night hours) with few being exclusively nocturnal. With the exception of one geometrid moth and one arctiid moth, only the butterflies (Papilionoidea+Hesperioidea) were exclusively diurnal, supporting the hypothesis that this trait has resulted from their lack of ultrasound-sensitive ears, structures that in most other Macrolepidoptera provide auditory defence against aerially foraging, insectivorous bats. Eared species showed the highest tendency to fly during both day and night, a trait we suggest results from their possession of both visual and auditory defences. Earless moths were almost exclusively nocturnal and may be constrained to the night because of their size and tendency for ground-hugging flight, which may provide protection against bats, but would be liabilities against diurnal, visually hunting predators. Ultrasound sensitivity not only appears to protect eared moths from aerial predators (bats) but also protects them from terrestrial predators by allowing the moths to remain in the air during the night, and, we suggest, is responsible for the success of this group of Macrolepidoptera.
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Diel periodicity, the patterning of 24-h activity, is a fundamental characteristic of insect biology that has attracted research at both proximate (e.g. physiological) and ultimate (e.g. evolutionary) levels (for reviews see Dreisig 1986; McNeil 1991) . While 'activity' includes relatively inconspicuous behaviours such as feeding or pheromone release, it is the act of moving (e.g. flight) that presumably most exposes animals to their would-be predators (Sakaluk & Belwood 1984; Fleishman 1986; Acharya & McNeil 1998) . Because the day and the night present considerably different types of potential predators, the sensory defences of flying insects should be influenced by their (and their predators') diel flight periodicity (DFP). For primary defences (i.e. those that operate before a predator is aware of a potential prey; Edmunds 1974), diurnally flighted insects should rely more upon vision to detect the approach of potential predators, whereas nocturnal taxa should favour auditory or chemical systems (Svensson 1996) . To examine the evolution of diel sensory adaptations in insects it is necessary to know their entire 24-h flight patterns, but such observations are surprisingly few. Most periodicity studies focus upon the activities of species (usually economically important ones) during only the day (photophase) or night (scotophase) portions of their diel cycle, with the result that many taxa have been labelled 'diurnal' or 'nocturnal' without knowledge of their complete 24-h activity patterns (Ehnbom 1948; Powell 1973; Dreisig 1986; Chinery 1989; Nielsen & Common 1991; Aiello 1992; Svensson et al. 1999) . If these labels are used to imply specific diel periodicities (e.g. 'diurnal' means no nocturnal activity), this may lead to assumptions about their sensory adaptations (Ehnbom 1948; Powell 1973; Horridge et al. 1977; Cutler et al. 1995; Kreusel & Häuser 1997; Schmitz & Bleckmann 1998; Fullard & Dawson 1999) .
Lepidoptera can serve as useful models for these questions because they show a diversity of both flight habits and sensory adaptations (Svensson et al. 1999) . As most Lepidoptera have short adult life spans, selection should favour traits that enable individuals to maximize their time flying in search of mates and oviposition sites. Sensory defences against diurnal and nocturnal predators should be important factors in maximizing this flight time. A profound sensory difference within the Lepidoptera is the presence of ultrasound-sensitive ears in most moths compared to their absence in most butterflies
